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Abstract 
AIM: This study aimed to determine the effect of treadmill treatment on oxidative stress markers and endogenous 
antioxidant status seen from MDA, GSH, MnSOD enzyme specific activity and blood catalase of obese mice.  
MATERIALS AND METHODS: This research is experimental laboratory research using post-test control design 
group only. The study lasted for 28 days and was divided into 4 groups of study, i.e., group K (normal control), KP 
(obesity control), P1 (obesity mice with 1 x 10-minute treadmill treatment a day), and P2 (obesity mice with 2 x 10-
minute treadmill treatment a day).  
RESULTS: The treadmill treatment had an effect on the improvement of the oxidative status of mice with a 
decrease of MDA level of obesity mice blood (p ≤ 0.05) compared to KP control. An elevated endogenous 
antioxidant status of obesity mice was seen from elevated GSH levels, MnSOD specific activity and blood 
catalase of obesity mice (p ≤ 0.05) compared with KP controls. Treatment of 1 x 10-minute treadmill per day 
decreased blood MDA level, increased GSH enzyme and increased specific activity of MnSOD enzyme and blood 
catalase of obese mice.  
CONCLUSIONS: The 2 x 10-minute daily treadmill did not differ significantly in improving the oxidative status and 
endogenous antioxidant status compared with the treadmill 1 x 10 minutes a day (p ≥ 0.05). 
 
 
 
 
 
 
Introduction 
 
Obesity is a complex disorder of appetite 
regulation and energy metabolism that is controlled by 
some specific biological factors. Physiologically, 
obesity is defined as a state with excessive fat 
accumulation [1]. Obesity increases because of a 
high-fat diet, lack of fibre, and lack of physical activity 
[2]. The prevalence of obesity around the world is 
always increasing year by year. The World Health 
Organization (WHO) in 2013 noted that around one 
billion people worldwide are overweight and at least 
300 million are clinically obese. Obesity and 
overweight in Indonesia itself are also still high [2] [3].
 
The state of obesity can trigger the 
occurrence of oxidative stress conditions due to 
prooxidant and antioxidant imbalance in the body so 
that it will form Reactive Oxygen Species (ROS). 
Obesity occurs excessive lipogenesis and inhibition of 
lipolysis. Lipogenesis is stimulated by a diet high in 
carbohydrates. Obesity is closely related to oxidative 
stress, due to the role of the cyclic AMP (cAMP) in the 
balance of energy settings in obesity. Markers of 
oxidative stress include malondialdehyde (MDA) [4] 
[5].  
MDA is a compound resulting from lipid 
peroxidation. Lipid peroxides are formed as a result of 
the reaction between free radicals with unsaturated 
fatty acids or polyunsaturated fatty acids (PUFAs) 
which are the major elements in cell membranes. 
Lipid peroxide levels in tissues and blood can be used 
as an indicator of oxidative stress. Current MDA 
measurements are often used to determine the extent 
of damage caused by peroxidation of lipid membranes 
or lipoproteins [4] [5].  
The major antioxidant enzymes that neutralise 
Reactive Oxygen Species (ROS) are superoxide 
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dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPx). SOD catalyses superoxide 
dismutase into H2O2 and oxygen, whereas CAT and 
GPx neutralize H2O2. The two major SODs in 
eukaryotes are MnSOD and Cu/ZnSOD found in the 
cytoplasm. After the increase of adipose tissue, 
antioxidant enzyme activity such as superoxide 
dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx), were found to be significantly 
reduced. Finally, high ROS production and decreased 
antioxidant capacity lead to a variety of disorders, 
including endothelial dysfunction, characterised by 
decreased endothelial vasodilation and systemic RBC 
bioavailability. In the state of obesity can occur 
chronic inflammatory conditions of low levels with 
progressive infiltration of immune cells in obese 
adipose tissue. Cytokines secreted by immune cells 
and adipokines of adipose tissue promote tissue 
inflammation [6] [7].
 
The treadmill has been used as a model for 
studying aspects of behaviour, physiology, 
biochemistry and molecular response for acute or 
chronic physical exercise. The treadmill is one of the 
tools that can be used to see the physical activity of 
animal test. The treadmill apparatus in animal testing 
stamina test has the same working principle as the 
treadmill used by humans. The test animals ran 
against the direction of the treadmill at a standardised 
speed of about 10-18 m/min [8] [9].
 
Moderate physical exercise in animals with a 
high-fat diet can provide a protective effect in the 
development of obesity. Physical exercise triggers 
adaptation through the defence system against 
oxidative stress. Obesity has become a global health 
problem that can cause other health problems. The 
treadmill is used as a therapy to reduce obesity levels 
[9]. 
 
Figure 1: Mice treadmill tool  
 
This study aimed to see the effect of treadmill 
treatment on the markers of oxidative stress in obese 
mice, by looking at cell damage markers such as 
MDA, as well as looking at endogenous antioxidant 
status by looking at MnSOD, and GSH, MnSOD and 
specific activity of blood catalase enzymes in obese 
mice. Expected by treatment of treadmill in obesity 
mice will be seen changes in oxidative status and 
endogenous antioxidants with improved oxidation 
markers and increased antioxidant activity, which has 
been damaged by the state of obesity. 
 
Material and Methods 
 
This research is experimental research. It was 
a type of experimental laboratory study using post-test 
control design group only. In this study, there were 4 
study groups, i.e. normal control group (K), obesity 
control group (KP), treatment group (P1) obesity mice 
+ treadmill treatment 1 time daily for 10 minutes, and 
treatment group (P2) obesity + mice treadmill 2 times 
a day every 10 minutes.  
The population of this study was male mice 
(Mus musculus l.) aged 6-8 weeks with an average 
body weight of normal mice was 20-30 grams, and the 
average weight of obesity mice was more than 30 
grams. The sample used was male mice. The sample 
size is determined based on the Federer formula -  the 
sample determination formula for the full randomised 
complete experimental test (RAL). Based on the 
calculation results obtained the number of samples to 
be used in each group is 5 male mice (rounding n ≥ 4. 
75). The number of samples to be used in the study 
was 20 male mice. 
This study has inclusion criteria for normal 
mice and obese mice. The inclusion criteria for normal 
mice consist of this study were male mice, 6-8 weeks 
old, average weight 20-30 grams, obtained from the 
same breeding place and maintained at the same 
place and time. The inclusion criteria for obesity mice 
were obese male mice, 6-8 weeks old; mean weight > 
30 grams were obtained from the same breeding 
place at the same place and time. Exclusion criteria in 
this study were weight loss during maintenance 
process of more than 10%, looked pain during 
maintenance process (limited motion, dull looking fur, 
bite wound, liquid faeces) and a dead mouse. 
This study used a special treadmill that is 
connected with electricity. After the treadmill is turned 
on, the mouse is placed on it and allowed to run for 10 
minutes for one treatment in the P1 group and 10 
minutes a day twice for the P2 group. 
Independent variable (independent variable) 
in this research is giving a treatment of treadmill and 
high fat and protein diet to male mouse (Mus 
musculus l.). The dependent variable in this research 
is MDA, GSH, MnSOD and catalase levels. 
Measurement of MDA content is done by 
Wills method. The principle is that MDA with 
thiobarbituric acid will form a pink TBA pigment 
compound and provide maximum absorption at a 
wavelength of 530 nm. The absorption of the test 
solution is compared with the absorption of a standard 
set of standard solutions that have been known to 
measure. Measurement of GSH level is done by the 
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Ellman method. The principle is that if glutathione is 
reacted with the reactant ditiobisnitro benzoate 
(DTNB), it will produce yellow trinitrobenzene 
compounds whose absorption can be read by 
spectrophotometer at 412 nm wavelength. The 
absorption of the test solution is compared with the 
uptake of a series of standard GSH solutions that 
have been identified. 
MnSOD activity is determined biochemically 
using a RanSOD® kit. The reagents in this kit consist 
of mixed substrates containing xanthine, phosphate 
buffers to dilute (standard as well as a sample), 
xanthine oxidase and standard solution to create 
standard curves. The principle of MnSOD examination 
using this kit is the measurement of the magnitude of 
inhibition of superoxide radical formation by MnSOD. 
Catalase is an enzymatic antioxidant that catalyses 
the decomposition of H2O2 into H2O and O2 
molecules. H2O2 decomposition was observed 
spectrophotometrically based on decreasing 
absorption at the maximum wavelength. 
Measurements of the specific activity of the catalase 
enzyme are carried out at pH 7 because too acidic or 
alkaline atmosphere can cause loss of activity of 
specific catalase enzymes. 
 
 
Results 
 
This study has received ethical approval from 
the Medical Research Ethics Commission of the 
Medical Faculty, University of Lampung No. 
2771/UN26/8/DT/2015 dated December 22, 2015. 
This study is part of another major study on obesity 
and treadmill. 
Before and after treatment, mice were 
weighed, and body weight data before and after 
treatment were recorded. 
Table 1: Changes in body weight of mice during the study 
  
Group 
K (gr) 
Group 
KP (gr) 
Group 
P1 (gr) 
Group 
P2 (gr) 
Average body weight of mice before 
treatment (D0) 28.2 45.6 45.4 45.7 
Average body weight of mice after 
treatment (D28) 32.1 50.9 39.3 38.9 
% weight change +3.9 +5.3 -6.1 -6.8 
 
It can be seen that in the treatment of 
treadmill 1 time a day for 10 minutes can lose weight 
obesity mice of 6.1 grams and in the treadmill 
treatment group 2 times a day for 10 minutes can lose 
weight by 6.8 g (Table 1). 
The untreated control group (K) showed a 
blood MDA level of 4.69 ± 0.19 nmol/mL. In the KP 
group, there was an elevated blood MDA level of 
obese mice compared with MDA level of control group 
mouse blood (K) which was 5.97 ± 1.35 nmol/mL (p ≤ 
0,05). In the treatment group P1 and P2, there was a 
decrease in blood MDA level of obese mice in the KP 
group, which was 4.82 ± 1.21 nmol/mL and 4.91 ± 
0.29 nmol/mL (p ≤ 0.05). More data can be seen in 
Figure 2. 
 
Figure 2: MDA blood levels of obese mice treated treadmill; K: 
normal control group; KP: obesity control group; P1: treatment 
group treadmill 1 x 10 minutes daily; P2: Treatment Group Treadmill 
2 x 10 minutes daily 
 
Of particular interest were the P1 and P2 
groups treated with treadmill 1 x 10 minutes a day and 
2 x 10 minutes a day, the examination data showed a 
significant reduction in mean MDA levels of 4.82 ± 
1.21 nmol/mL compared with the control group K and 
KP p ≤ 0.05). The decrease in blood MDA levels in the 
treadmill treated group of 1x10 min was almost the 
same as the P2 group treated with treadmill 2x10 
minutes a day. Statistically, they did not show any 
significant difference (p ≥ 0.05). 
Examination of blood GSH levels showed the 
following results: The untreated control group (K) 
showed an average blood GSH level of 1.92 ± 0.08 
μg/mL. In the positive control group KP, the blood 
GSH level of obesity mice decreased compared to the 
K group at 1.42 ± 0.39 μg/mL (p ≤ 0.05). In the P1 and 
P2 groups, the obese mice treated with treadmill 1 x 
10 minutes a day and 2 x 10 minutes a day saw a rise 
in GSH levels of 1.72 ± 0.44 and 1.69 ± 0.25 μg/mL, 
which was significantly different (p ≤0.05) compared 
with the negative control group K and the KP group (p 
≤ 0.05). 
 
Figure 3: Blood GSH Levels of Obesity Mice; K: Normal Control 
Group; KP: Obesity Control Group; P1: Treatment Group of 
Treadmill 1 x 10 minute a day; P2: Treatment Group of Treadmill 2 
x 10 minute a day 
 
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Interestingly, elevated blood levels of GSH 
obesity of mice in the P1 and P2 groups did not differ 
significantly from control group K. The increase in 
GSH levels in the P1 group was statistically, both of 
these values, showed significant differences (p ≤ 
0.05). Overall GSH levels of Obesity Mice group P1 
and P2 were significantly different (p ≤ 0.05) 
compared to the control group K and KP. 
On the examination of specific activity of 
MnSOD plasma enzyme, it was found that plasma 
group mice control activity was 0.451 ± 0.321 U/ml, 
while in control group Obesity Control of MnSOD 
enzyme activity decreased, by 0.125 ± 0.126 U/ml, but 
in group P1 and P2 an increase in MnSOD enzyme 
activity is 0.391 ± 0.095 U/ml, and 0.316 ± 0.233 U/ml. 
The decrease of specific activity of MnSOD plasma 
enzyme in the KP group was statistically significant 
with p-value from 0.05 of 0.000. Increased activity of 
specific MnSOD enzyme in group P1 and P2 was also 
statistically significant, that is with p-value of 0.05. 
 
Figure 4: Enzyme Specific Activity of MnSOD Plasma of Obesity 
Mice who were treated Treadmill; K: Control Group; KP: Obesity 
Control Group; P1: Treatment Group of Treadmill 1 x 10 minute a 
day; P2: Treatment Group of Treadmill 2 x 10 minute a day 
 
The specific activity of the MnSOD enzyme in 
the plasma of obese mice in the KP group decreased 
compared with control K. The decrease was 
statistically significant (p ≤ 0.05). In the P1 and P2 
groups, the specific activity of the MnSOD plasma 
enzyme increased compared with the KP group. This 
increase was also statistically significant compared 
with control K (p ≤ 0.05) and against the KP group (p 
≤ 0.05). 
Examination of the specific activity of the 
blood catalase enzyme of obese mice showed the 
following results: The untreated normal control group 
K showed the average activity of blood enzyme 
catalase 0.96 ± 0.22 U/mg. In the positive control 
group of KP, the specific activity of blood enzyme 
catalase enzyme obesity mice decreased compared 
to group K that is 0.54 ± 0.41 U/mg (p ≤ 0.05). In the 
P1 and P2 groups, obesity mice treated with treadmill 
1 x 10 minutes a day and 2 x 10 minutes a day saw 
an increase in the specific activity of catalase 
enzymes by 0.88 ± 0.29 and 0.75 ± 0.46 U/mg, which 
was significantly different (p ≤ 0.05) compared with 
the negative control group K and the positive control 
group KP (p ≤ 0.05).  
 
Figure 5: Activity of Catalase Enzyme Specific of Plasma Obesity 
Mice who were treated of Treadmill; K: Control Group; KP: Obesity 
Control Group; P1: Treatment Group of Treadmill 1 x 10 minute a 
day; P2: Treatment Group of Treadmill 2 x 10 minute a day 
 
 
Discussion 
 
Obesity is associated with a low-level chronic 
inflammatory condition with progressive infiltration of 
immune cells in adipose obesity tissue. Cytokines 
secreted by immune cells and adipokines of adipose 
tissue promote tissue inflammation. Obesity is a 
chronic disease with multifactorial causes, and this 
can be defined as an increase in body fat 
accumulation. Adipose tissue is not just a triglyceride 
storage organ, but studies have shown the role of 
white adipose tissue as a producer of certain bioactive 
substances called adipokines. These adipokines 
induce the production of reactive oxygen species 
(ROS), producing a process known as oxidative stress 
(OS). One marker of cellular damage due to oxidative 
stress is malondialdehyde (MDA) [6] [9]. 
When obesity persists for a long time, the 
source of endogenous antioxidants may decline, such 
as enzyme activity such as Glutathione (GSH), 
superoxide dismutase (MnSOD) and catalase (CAT). 
SOD and glutathione peroxidase (GPx) activity in 
individuals with obesity was significantly lower than in 
healthy people [10] [11]. 
Inflammation as a manifestation of increased 
oxidative stress, which increases in a person with 
obesity. The inflammatory mechanisms of obesity are 
related to the presence of adipose tissue that 
produces adipokine and acute phase proteins induced 
by hypoxia. Hypoxia will be generated during the 
overgrowth of adipose tissue during obesity. Adipose 
tissue produces 25% systemic IL-6, so this adipose 
tissue can cause low-grade systemic inflammation in 
people with excess body fat [12] [13] [14]. 
The mechanism of free radical formation in 
obesity is the increase of proinflammatory cytokines 
produced by adipocytes and preadipocytes such as 
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TNF-α, IL-1, and IL-6. This cytokine is a potent 
stimulator for the production of reactive oxygen and 
nitrogen by macrophages and monocytes. TNF-α 
increases the interaction of electrons with oxygen to 
produce superoxide anions. Adipose tissue also has 
an angiotensin II secretion capacity, which stimulates 
the oxidation activity of Nicotinamide adenine 
dinucleotide phosphate (NADPH). NADPH oxidation 
plays a major role in the production of ROS in 
adipocytes. Also, through the oxidation of fatty acids 
and increased oxygen consumption in obesity triggers 
increased mitochondrial respiration resulting in 
superoxide, radical peroxide and hydroxyl hydrogen 
[13] [14]. 
In obesity, the larger adipose tissue can lead 
to hypoxia (lack of O2) and chronic inflammation. This 
can improve the state of oxidative stress by producing 
excessive ROS as well as decreasing the activity of 
endogenous antioxidant enzymes. This may increase 
lipid oxidation markers, such as MDA and carbonyl 
and decrease endogenous antioxidant enzyme activity 
such as GSH, MnSOD and catalase. Obesity results 
in increased inflammatory cytokines in the 
hypothalamus that increase and activate IL-β, TNF-α, 
and IL-6 which may affect metabolic processes [15] 
[16]. 
Physical exercise such as treadmill is widely 
used as one of the treatments in losing weight. Based 
on the results of statistical analysis there was a 
significant effect of the treadmill on decreasing MDA 
levels as well as increased endogenous antioxidant 
activity such as GSH, MnSOD and catalase when 
compared with control group of obesity (KP). Physical 
exercise (endurance) such as treadmill can decrease 
oxidative stress state through the mechanism of 
increasing mobilisation and oxidation of free fatty 
acids, affecting leptin signal pathways, hypothalamic 
inflammatory protection and AMPK activation pathway 
(AMP-activated protein kinase). 
In this study, it is clear that the increase in 
MDA levels coupled with decreased activity of 
endogenous antioxidant enzymes such as GSH, 
MnSOD and catalase enzymes. Lipid peroxidation is a 
marker of oxidative damage (oxidative injury) 
presented as malondialdehyde (MDA). MDA levels in 
plasma in obesity mice can increase, higher than 
negative control mice. Malondialdehyde is a toxic 
compound that can disrupt the integrity of the cell 
membrane, so if the levels are not immediately 
lowered, it will interfere with the functioning of cells. 
The state of oxidative stress can also 
decrease the activity of endogenous antioxidant 
enzymes. Several studies have shown that systemic 
oxidative stress is associated with increased NADPH 
oxidase 4 (NOX4) enzyme, a member of nitrogen 
oxides (NOX) that plays an important role in the 
formation of H2O2 (strong oxidising agents). 
Therefore, the higher the NOX4 and the formation of 
H2O2, so that the catalase enzyme work to catalyse 
the more severe, which eventually suppresses its 
activity [12] [13]. 
GSH enzyme activity is much lower than that 
of the positive control group. GSH enzyme works to 
convert H2O2 to H2O and O2, but with hypoxia, the 
availability of O2 is reduced. This is probably because 
the H2O2 stack cannot be converted to O2 perfectly, 
due to the low activity of the enzyme. The condition of 
obesity is independently correlated with high oxidative 
stress and inflammatory markers. Increased oxidative 
stress and inflammation in obesity play an important 
role in the initiation and progression of vascular 
disease, or it may also lead to the initiation of 
carcinogenesis in obesity [15] [16]. The mechanisms 
responsible for the high state of oxidative stress in 
obesity are not yet known, but clearly, adipose tissue 
is one of the important oxidative and inflammatory 
stress mediators as it contributes to the production of 
free radicals and proinflammatory cytokines, including 
IL-6, and TNF alpha. 
Mitochondria provide the energy needed for 
virtually all cellular processes that ultimately allow 
performing physiological functions, besides that 
mitochondria play a central role in the death of the cell 
by apoptotic mechanisms. Obesity affects 
mitochondrial metabolism, which supports the 
formation of ROS and the development of oxidative 
stress. On the other hand, other mechanisms have 
been proposed involving the effects of high 
triglycerides (TG) on mitochondrial respiratory chain 
function, where intracellular TG, which is also high, 
inhibits the translocation of adenine nucleotides and 
results in superoxide formation. In the P1 and P2 
groups, there was an increase in the specific activity 
of the MnSOD enzyme, presumably because the 
treadmill treatment could improve exogenous 
antioxidants. The low activity of MnSOD proves high 
oxidative stress in the body, so it is not able to 
eliminate the number of oxidants (free radicals). High 
oxidative stress is also associated with the condition 
of patients who are obese [17] [18]. 
The activity of lipolysis in obesity is impaired 
because of decreased mRNA expression that 
regulates lipoprotein lipase activity in adipose tissue 
and skeletal muscle. Aerobic physical exercise such 
as treadmill can lower cholesterol and triglyceride 
levels through the mechanism of improving the 
cholesterol-back transport process on the transfer of 
ester cholesterol. Physical exercise such as treadmill 
is one example of endurance exercise that induces 
increased AMPK. Improved AMPK stimulates the 
process of cellular glucose uptake, increased fatty 
acid oxidation, and decreases fat synthesis [18]. 
Physical exercise has been shown to increase 
the phosphorylation of JAK (Janus Kinase 2), 
activation of STAT3 signal Transducer and 
Activatortranscription 3 and SOCS3 which can affect 
appetite and inhibit more food intake. From the results 
of this study, it can be seen that in the treatment 
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group P1 and P2 there was no significant difference in 
treadmill 1 x 10 minutes a day and 2 x 10 minutes a 
day (p ≥ 0,05). Treatment of physical exercise 
treadmill 2 x 10 minutes a day did not show 
statistically significant differences in MDA, GSH, 
MnSOD and catalase levels [18]. 
Aerobic exercise 30-150 minutes per week is 
included in the moderate-intensity exercise category. 
The duration of the treadmill in the treadmill treatment 
group was both included in moderate intensity 
exercise and had similar effects at the interval. The 
intensity of extended physical exercise (150 minutes 
per week) is more potent than the intensity of 40 
minutes of physical exercise performed over 3 times 
per week. In an extended physical exercise (exercise 
volume) it is more effective to decrease fatty tissue 
mass and lipid profile. A short period of physical 
exercise can be effective if exercise volume is also 
increased [14] [18] [19] [20]. The reduction in body fat 
will improve the oxidation marker and increase the 
antioxidant activity, which has been damaged by 
obesity. Therefore, weight loss through nutritional and 
pharmacological therapies, as well as 
supplementation with antioxidant nutrients such as 
vitamins E, A, and C, flavonoids, may be key to 
reducing the risk of developing pathologic conditions 
associated with OS and obesity such as high blood 
pressure and metabolic syndrome. 
Lipid oxidation is one form of adaptation of 
hypercholesterolemic conditions to the frequency of 
physical exercise. This adaptation can occur in 
moderate physical exercise. This adaptation occurs 
because energy needs increase in the duration of the 
treadmill expansion resulting in the release of useful 
catabolic hormones in lipid degradation to be used as 
an energy source during physical exercise. Treadmills 
have protective effects on obesity through increased 
lipolysis activity, decreased free fatty acids, decreased 
blood MDA levels, increased GSH levels as well as 
the specific activity of MnSOD enzymes and catalase 
compared with positive control groups.  
In conclusion, treadmill treatment affects the 
improvement of oxidative status and endogenous 
antioxidant status of obese mice. Treatment of 1 x 10-
minute treadmill per day decreased blood MDA level, 
increased GSH enzyme and increased specific activity 
of MnSOD enzyme and blood catalase of obese mice. 
The 2 x 10-minute daily treadmill did not differ 
significantly in improving the oxidative status and 
endogenous antioxidant status compared with the 
treadmill 1 x 10 minutes a day (p ≥ 0.05). 
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